Abstract-The Central University of Venezuela, as part of its efforts for adapting its academic offer to national and international needs, is conducting a project to review, evaluate and modify the Computer Science curriculum, in order to form the professional required by the country. In this paper we present the results of the first stage of the project: an assessment of the Computer Science curriculum based on the use of various data collection instruments used to determine the professor, student and graduates perception of the program as well as deficiencies and potential of our graduates, according to the companies and organizations that hire them. The results show that there exist a gap between the perception of our professors about the program and the opinion of the employers. We also present information about student performance during the last decade, which is an input to the next stage of the program redesign.
Introduction
The rapid development of the hardware and software technologies results in the need of a constant revision of the Computer Science curricula. The Central University of Venezuela (Universidad Central de Venezuela, UCV), in an effort to adapt its academic offer to both international and national education demands is reviewing, evaluating and updating the curriculum of the Computer Science degree in the Computer Science School. The aim of the university is to prepare the students for the computing technology demands of the country.
To achieve this objective, we followed a methodology that involves the following stages: We study the Computer Science curriculum in order to know whether we need to update it or not, which is a compulsory activity of the initial stage. This document describes the results obtained in the study, which includes the use of some tools: surveys to students and graduates, interviews to professors, and brainstorming sessions with groups of professors. We also met representatives of public organizations and private companies. Moreover, we reviewed the performance of the students during a determined period of time. Finally we measured the opinion of the graduates from the Computer Science School at UCV about the curriculum and how it may be improved. The document begins with a detailed description of current Computer Science curriculum, then presents the method for the collection of information and finally shows the results of the study. Table 1 shows the distribution of these components according to the number and kind of courses: compulsory, elective and optional. We define the types of courses as follows: 1) Compulsory course: it must be completed by each student.
Background
2) Elective course: a course that students can select from among several courses.
3) Optional course: it belongs to a set of courses. A student must complete at least two.
The students must complete courses which belong to the basic formation and instrumental formation during the first five semesters of the career. These components include the compulsory courses that a student must complete in order to obtain the basic skills.
The professional formation supports the Professional Options including the courses that a student must take in order to obtain the skills required in a specific area of computing (e.g. Software Engineering). To complete a Professional Option, a student must pass three elective courses of the option, finish successfully the Seminar course and finally develop an Undergraduate Research Project (thesis) in the area. Figure 1 shows the current Computer Science curriculum, which establishes the following aspects:
1) Courses of the basic and instrumental components in the first two years are compulsory as well as courses of the professional practice components-Internship, Seminar and Undergraduate Research project.
2) Courses of the professional component are either elective or optional. The student can take these courses after the fifth semester.
3) Complementary courses are elective, and the student, enrolled in the third semester or up, must pass at least three of them.
4) The Laboratory is a compulsory course designed to provide the student with the practical skills. The student must select one among the set of Laboratory courses offered.
5) The Internship is compulsory and is aimed to provide the students with the professional skills and interpersonal relationships in professional settings.
In 2010, during an academic staff meeting, the professors decided to review the graduate profile and they appointed a Committee to do that. After several meetings and a detailed revision of some documents, such as the proposal of the ACM and IEEE Computer Society for computing curricula [2] , the Committee defined four graduate profiles: Computer Science, Software Engineering, Information and Communication Technologies and Information Systems [3] . The proposal was presented to the Department a year later [3] .
Methodology
The study of the current Computer Science curriculum not only included an analysis of its structure, in terms of the relationship between courses, but also considered the perception that professors and students have of the career, as well as, the strengths and weaknesses of the graduates according to the opinion of the companies and institutions that hire them. We used several tools, such as interviews, surveys, brainstorming, and meetings, in order to recollect important data and obtain information about the current situation of the curriculum. We describe how we use these tools in our research as follows:
• Interviews and questionnaires to the leaders of the eleven (11) Professional Options offered by the Department: the goal of the activity was to collect opinion, suggestions, and comments about the current curriculum.
• Student survey: the aim of the survey was to know the reasons why the students work before they complete their university studies and the consequences of this behavior in their academic performance.
• Statistical analysis of the student performance: the objective of the analysis was to determine the student academic performance in the first five semesters.
• Brainstorming sessions: we conducted two brainstorm sessions. In each session, fifteen (15) professors and an external curriculum design expert participated. The goal of this activity was to know what professors propose to improve the graduate skills.
• Meeting with representatives of companies and government institutions: the aim of the meeting was to determine the strengths and weaknesses of the Computer Science graduates, and the job skills and competencies required for the graduates.
• Professor survey: the objective of the survey was to know the opinion of the professors about the strengths and weaknesses of the current curriculum and the aspects that should be reviewed.
• Graduate survey: the aim of the survey was to know the opinion of the Computer Science graduates at the UCV about the curriculum and how the School of Computer Science could improve it.
Results
We present the results of the study in the following sections.
Opinion of the Profesional Option Coordinators
During the interviews, each of the eleven (11) Coordinators of the Professional Options expressed his opinion about the Computer Science curriculum. Table 2 shows the comments and suggestions by professional options.
The coordinators also commented about the factors which may affect the academic performance of the students:
• The students do not get the programming skills expected for the degree.
• The students communicate-oral and written-poorly.
• The Department should increase the number of elective courses.
• The Department should update the program of the following courses: Mathematic I, Mathematic II and Mathematic II in order to guarantee that the students get the mathematical skills required in more advanced courses.
• Eleven (11) professional options are too many.
• The Department should review the Computer Science curriculum taking into account the student performance and graduate profile.
• Many students complete the compulsory courses but they do not have the expected skills.
• Some professors should review the teaching strategies in order to adapt them to the trends in teaching computing.
• The Department should review the program of some courses in order to include some topics related to professional ethic and social responsibility.
• The average performance of students working is low because they usually do not go regularly to class and do not finish the assignments.
• The Department should review prerequisites and program of several basic courses and the pathways of those courses. The Department should consider reducing the number of elective courses of the area.
Strengths and Weaknesses of the Curriculum (Opinion of the Professional Option Coordinators)
Six Professional Option Coordinators answered the survey (see Methodology section). Figure 2 shows the curriculum strengths according to the coordinators.
The results shows that 33.33% of the coordinators expressed that the curriculum is flexible, since each student can follow different pathways of courses according the professional option he wants to complete. A 66.67% of coordinators considered that the students obtain the formation required for advanced professional courses. Figure 4 shows the aspects of the curriculum that need to be reviewed according to the coordinators. Consistent with the results presented in Figure 2 , 16.67% of the coordinators considered that the Department should review the prerequisites of the compulsory courses. Half of the coordinators commented about the compulsory courses: new courses should be included in the curriculum, the pathways of the courses should be updated and the program of some courses should be reviewed. 33.33% of the coordinators considered that the programming skills of the students are insufficient. Another 33.33% of coordinators indicated the need to assess the verbal and written communication skills of the students. 16.67% of the coordinators expressed that Department should review the elective courses in order to update some courses and to develop new ones.
Figure 4
Aspects of the curriculum to be reviewed.
Opinion of the Professors
Thirteen (13) professors-over a total of 93 professors-answered the survey and gave their opinion about the curriculum (see Figure 5 ). These professors have taught 46 courses. They considered that some aspects of the compulsory and instrumental courses should be reviewed: pathways of the 17.39% of the courses, programs of 34.78% of the courses and prerequisites of 34.78 % of the courses.
Figure 5
The professors also commented about the strengths and weaknesses of the students. They are summarized in Table 3 . Table 4 shows the strengths and weaknesses of the Computer Science Graduates according to the opinion of 4 company representatives and 3 public organization representatives.
Strengths and Weaknesses of the Computer Science Graduates Acoording to Organzations and Companies

Table 3 Strengths and weaknesses of the students according to the professors
Strengths Weaknesses
The students are enthusiastic and proactive
The students have poor communication skills--oral and written
The students are willing to work The students make poor use of the research methods
The students are organized
The students make poor use of software development tools
The students have a good theoretical basis The students manage the time poorly
The students have good programing skills The students present poor mathematic skills
The students have good technical knowledge The students have great intuitive ability, mental agility and boldness (no fear of error)
The students can work under stress
Student Performance
We analyzed the academic performance of the students enrolled between the years 2003 and 2008 (six years). Examining the performance of the students, starting from the first semester they enrolled in the course up to twenty semesters later. Although, we generated several graphs which show the student performance during these years [4] , we only include some graphs which are representative for the paper. Figure 6 and Figure 7 show the number of students who enrolled and passed the first semester courses: Mathematics I, Algorithm and Programing I, Introduction to Informatics and Discrete Mathematics I. We can note that of 634 students who enrolled in Mathematics I, 217 passed the course (i.e. 34%). Of 417 students who failed, 292 students enrolled in Mathematic I again; this shows that a significant number of students desert. In the second semester, 81 students passed Mathematics I which means that the percentage of students who passed the course decreased to 28%. In the third semester, of the 211 students who had not pass the course yet, 105 enrolled in the course and 23 passed it. We can conclude that the students fail to enroll in the course or drop out, so we can note that 27 students of the 634 still enrolled in Mathematics I in the fifth semester. The graduates are willing to solve any kind of problems Six hundred ninety six (695) students enrolled in Algorithms and Programming I for the first time and 222 of those approved (i.e. 32%); this shows a similar behavior to Mathematics I. However, in the second semester, of the 474 remaining students, only 340 the re-enrolled in the course, and 108 students (32%) passed. Another 23 students passed Algorithms and Programming I in the third semester. Even in the fourth semester, 27 students enrolled in the course and 11 of them approved. We can also see a decrease in the percentage of students who reenrolled in the course, which could be associated with student desertion. Some students continued enrolling in this course after he fifth semester.
Similarly to the other two courses, a high percentage of students who failed Discrete Mathematics I did not reenroll in the course in the next semester- Figure 7 shows about a 50% of student desertion. We can also note that from the fourth semester and up, the student pass rate is less than 33%.
Unlike the other courses, the student performance in Introduction to Informatics is much better. Of 695 students, 420 (60%) passed the course in their first semester. More than half of the remaining students did not enroll in the course in the second semester-student desertion. Fifty four (54) of those who re-enrolled in the course, 130 students passed. In the following semesters, some students still did not enroll in the course and the percentage of students who passed the course decreased.
In the second and third semesters, the trends of student desertion and dropping out are similar to the previous semester, so we omit the statistics (see [4] ). The study in [4] show that 40% of the students who passed Introduction to Informatics-as shown above-dropped out. Figure 9 show the number of students who passed the courses of the fourth semester: Discrete Mathematics III, Probability and Statistics, Data Base and Operating Systems. In this semester, we can observe that the students did not follow the pathways of the courses; many of them enrolled Discrete Mathematics III in the third semester and enrolled in Probability and Statically in the sixth semester or later. Thus of the 56 students who enrolled in Discrete Mathematics III in semester three, 44 passed it (79%). Of the 102 students, enrolled in the fourth semester, 59 passed it (57%). As in other courses, the pass percentage decreased in the following semesters. In the tenth semester, some students still enrolled in Discrete Mathematics III.
In Figure 8 , we can see that of 102 students who enrolled in Operating Systems, 55 passed the course (i.e. 53%). In the following semester, 78 students enrolled the course and 47 students passed it (60%). In the following semesters the percentage of students who passed decreased, less than 50%. After 15 semesters, some students still enrolled in Operating Systems. The pass rate in Probability and Statistics is the lowest, even for those students who enrolled in the fourth semester courses for first time. In the fourth semester, 71 students enrolled this course and 18 (25%) passed, while only 26% of the 50 students enrolled passed it in the fifth semester. In the sixth semester, we can see that 86 students enrolled in the course-the higher number of students enrolled-and 39 of them passed. The pass rate in each of the following semesters-sixth to twenty first-is low (it can drop to 9% in some semesters). In another analysis [4] , we found that 38% of the students dropped out, while in other courses the drop-out rate is about 20%.
The students perform better in Data Base course.
Figure 9
Number of students which enrolled and passed Probability and Statistics (left) and Database (right) during their fourth semester.
Relationship between Work and Study
Sixty five (65) students-19 to 28 year old--answered the survey to students who worked or have worked sometime during their Computer Science studies. Most of them had worked before enrolled in the fourth semester courses, some of them had even worked before enrolled in first semester courses. The results of the survey show the following:
• More than 75% of the students worked or had worked in computing. The students who did not work in computing or any related job reported that they need to work to support their families.
• Fifty seven students (57) dropped out one or more courses (23% of them dropped out all the courses and 24% students failed or withdrew at least one course).
• The students work for several reasons: need for money, getting work experience and taking the chance. • A 70% of the students who answered the questionnaire were working at the moment they were consulted.
Opinion of the Computer Science Graduates
Two hundred and ten (210) graduates answered the survey-105 people completed their studies after the year 2003, so they followed the current Computer Science program. 71% of the graduates worked before they completed their studies, and currently 30% of the graduates are working out of the country. Figure 5 shows the opinion of the graduates about some aspects of the curriculum and the preparation obtained during their studies: terrible, poor, adequate, good and excellent. We reviewed the following aspects: According to the graduates, the number of basic courses and theoretical activities are acceptable. Most graduates indicated that professional courses and practical activities are insufficient. Almost haft of the graduates think the complementary courses are adequate. We can see that almost two thirds of graduates answered that knowledge is sufficient, while 34% answered that it is slightly deficient and they needed to take some professional development courses.
4.8.
A Proposal to Update the Curriculum Figure 11 to Figure 13 shows the results of the two brainstorming sessions conducted with professors. From these meetings we detected four (4) Professors believe that the students should develop ethical values, writing skills, and environmental awareness, among others. The application of different methodologies in software constructions is an important aspect too. They also said (see Figure 12 -right) that the students should acquire the knowledge to solve problems and be able to transfer this knowledge. Leadership and group-working skills were also mentioned as important competencies (see Figure 13) . Figure 14 includes general competencies that should be considered when redesigning a new curriculum. After analyzing these diagrams, some priority areas were detected, such as: legislation-laws, rules and regulations related with information and communication technologies, methods and techniques for research in Computer Sciences, reading and writing technical documents, technical knowledge in computing, scientific reasoning ability, professional ethic, responsibility and commitment, and social aspect of computing.
Conclusions
The School of Computer Science at the Central University of Venezuela has initiated the review, evaluation and modification of the Computer Science curriculum following the guidelines of the Institution for the design and update of the curricula. This paper shows the results of diagnosis of the career which included surveys to professors, students and graduates, meetings with professors and representatives of companies and public institutions, and an analysis of the student performance. The results reveal that professors have a significant number of observations regarding the pathways, content and prerequisites of the courses of the basic and instrumental components. These results also show a low performance and high level of desertion of students of the four first semesters, which cover a large part of those components. However, we noted that professors have no major observations with respect to the courses of the professional component and their comments only include to update the program of some courses and to increase the number of elective courses offered in some areas. But, this perception of professors is far from the opinion given by the representatives of the companies and public organizations who noted a number of weaknesses of the graduates, many of which are related to graduate competencies.
In addition, the results show that many students do not follow the pathways of the courses correctly; this may delay the time to complete the degree. Thus we think that the flexibility of the current curriculum-recognized as one of its strengths-is not well understood by the students.
On the other hand, in recent years the professors are concerned about the negative consequences of work on student performance. The results of our study support the concern of the professors, since it shows that work have affected the performance of the student in more than half of the cases. A redesign of the curriculum and its implementation will need to take into account the reality that many of the students have or want to have a job before to complete their studies.
The diagnostic activities also included meetings with several professors to know their opinion about the skills of the graduate in Computer Science. The skills and competencies suggested by the professors should be taken into account in the redesign of the curriculum.
Finally, although we are satisfied with the results, we understand that there are aspects that have not been covered, such as the reasons for the high dropout of the students. Although there are some indications of what could be the causes, these have not been studied properly. A limitation of the study was the lack of budget to find more broad and detailed opinion of the private companies and public organizations.
After the study, we not only know the situation of the curriculum but also we have increased the awareness in curriculum change since we have involved many professors in our activities and noted great interest in the study. The research certainly is an invaluable input for the next phase, which should be the curriculum redesign, following the institutional guidelines defined by the UCV [5] .
